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Background 


A  wide  variety  of  viruses  which  pose  little  or  no  public 
health  threat  in  the  United  States  are  significant  problems  for 
military  personnel  stationed  in  parts  of  the  world  where  these 
viruses  are  endemic.  Many  of  these  viruses  are  dependent  on  an 
insect  vector  and  are  found  primarily  in  tropical  regions. 
Infections  with  these  viruses  result  in  symptoms  which  range  from 
temporarily  debilitating  to  extremely  serious  and  many  are 
potentially  fatal.  The  large  number  of  these  viruses  and  the 
difficulties  involved  in  working  with  many  of  them  make 
vaccination  an  impractical  goal  at  this  time.  Natural  or 
synthetic  compounds  which  enhance  the  ability  of  the  immune 
system  to  defend  against  these  viruses  would  provide  broader 
spectrum  management  of  such  infections.  The  prophylactic  and/or 
therapeutic  use  of  such  agents  could  provide  the  critical 
difference  in  the  outcome  of  situations  involving  large  scale 
virus  exposure  of  military  personnel. 

Generation  of  an  immune  response  involves  complex 
interactions  among  monocytes,  antibody  producing  B  lymphocytes, 
and  effector  and  regulatory  T  lymphocytes,  as  well  as  a  number  of 
factors  produced  by  these  cells.  Which  aspects  of  the  immune 
response  are  most  important  in  the  defense  against  viral 
infections  differs  for  different  viruses,  depending  on  virus 
structure,  the  cell  types  which  the  virus  preferentially  infects, 
and  previous  exposure  and  immunization  of  the  host  to  related 
viruses.  A  choice  of  a  compound  or  combination  of  compounds  for 
in  vivo  use  to  enhance  antiviral  immunity  will  therefore  depend 
on  the  types  of  viruses  likely  to  be  encountered,  history  of 
previous  exposure  of  the  individuals  involved,  and  whether  the 
compounds  are  intended  to  be  used  prophylactically  or  as  therapy 
in  recently  infected  individuals. 

It  is  clear  that  an  understanding  of  the  basic  effects  of 
given  immune  response  modulators  on  individual  components  of  the 
immune  system  is  required  before  decisions  can  be  made  concerning 
which  ones  warrant  further  study.  A  compound  may  affect  one  or 
more  cellular  subpopulations  of  the  immune  network  and  the 
effects  may  be  direct  or  indirect.  Enhancement  of  immune 
responsiveness  may  occur  by  affecting  cells  in  several  possible 
ways,  including:  1)  increasing  the  number  of  antigen  reactive 
cells,  2)  decreasing  the  dose  of  antigen  required  for  optimal 
responsiveness,  3)  altering  the  kinetics  of  the  response,  and 
4)  increasing  the  level  of  function  on  the  individual  cellular 
level.  In  vitro  assay  systems  are  necessary  for  these  basic 
studies. 

Over  the  past  several  years,  technological  advances  have 
been  made  which  now  allow  the  long-term  growth  and  maintenance  of 
functional  antigen-specific  T  lymphocyte  clones  in  culture.  The 
use  of  these  T  cell  clones  offers  numerous  advantages  over  other 
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in  vitro  techniques  for  the  study  of  specific  immune  responses. 
One  can  obtain  large  quantities  of  cells  responsive  not  only  to  a 
single  antigen,  but  to  a  single  antigenic  determinant.  Thus,  the 
response  to  several  distinct  antigenic  determinants  of  a  single 
infectious  agent,  or  to  a  determinant  common  to  a  class  of 
infectious  agents  (such  as  the  flaviviruses) ,  can  be  studied. 

Each  clone  represents  a  single  functional  subpopulation. 

Such  homogeneous  cell  populations  allow  the  dissection  of  effects 
of  biochemical  and  cellular  influences  on  individual  cell  types, 
and  simplify  the  analyses  of  the  cells  themselves.  Using  T  cell 
clones,  the  role  of  other  cells  of  the  immune  system,  such  as 
antigen  presenting  cells  and  antibody  producing  cells  can  be 
analyzed  with  great  precision. 

In  both  murine  and  human  systems,  T  cell  clones  have  been 
generated  against  a  wide  variety  of  antigens,  including  cellular 
alloantigens,  tumor  antigens,  natural  and  synthetic  soluble 
proteins,  and  bacterial  and  viral  antigens  (1-19).  These  clones 
have  been  used  for  analyses  of  fine  antigen  specificity, 
histocompatibility  antigen  (immune  response  genes)  restriction  of 
cellular  interactions,  cell  surface  markers,  T  cell  receptor 
structure,  factor  production,  and  mechanisms  of  regulatory  and 
effector  functions.  Such  analyses  have  resulted  in  extremely 
rapid  advancement  in  understanding  the  T  cell  at  both  cellular 
and  molecular  levels. 

Studies  of  modulation  of  immune  function  have  generally 
employed  unfractionated  lymphocyte,  T  cell,  B  cell,  or  macrophage 
populations.  The  use  of  virus-specific  T  cell  clones,  however, 
permits  the  dissection  of  effects  of  biochemical  and  cellular 
influences  on  individual  cellular  functions.  Understanding  the 
role  the  of  each  component  of  the  immune  response  will  greatly 
facilitate  the  analysis  of  effects  of  a  single  compound  or 
combination  of  compounds  on  complex  systems  of  interacting  cell 
types . 

The  system  used  here  allows  comparisons  of  effects  of 
immunomodulating  compounds  on  responses  to  various  viral 
antigenic  determinants.  One  compound  may  improve  the  response  to 
some  antigenic  determinants  and  hinder  the  response  to  other 
antigenic  determinants.  Clonal  populations  may  be  grown  in 
sufficient  quantity  to  assay  a  variety  of  compounds,  individually 
or  in  combination,  on  essentially  identical  populations  of  cells. 
This  system  allows  analysis  of  responses  of  human  cells,  which 
may  in  some  cases  differ  considerably  from  those  of  the  animal 
model  systems  commonly  used. 

The  studies  described  below  employ  human  T  cell  clones 
derived  from  a  single  donor  and  generated  against  influenza  virus 
strain  A/Bangkok.  The  clones  were  all  generated  prior  to  the 
initiation  of  this  contract.  To  facilitate  understanding  of  the 
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system,  however,  details  of  the  generation  and  characterization 
of  these  clones  are  included  in  this  report. 


Materials  and  Methods 


Viruses .  Formalin  fixed  preparations  of  influenza  virus 
strains  A/Bangkok  RX  73  (H3N2) ,  A/Brazil/X  71  (H1N1) ,  and 
B/Singapore  were  a  generous  gift  of  Dr.  Lance  Gordon,  Connaught 
Laboratories,  Swiftwater,  PA.  Before  use,  virus  preparations 
were  dialyzed  extensively  against  PBS  to  remove  formalin. 
Following  dialysis,  each  preparation  was  titered  in  a 
proliferation  assay  as  described  below. 

Generation  of  T  lymphocyte  clones.  Influenza  virus-specific 
T  cell  clones  were  generated  using  slight  modifications  of  our 
previously  described  procedure  (12).  Peripheral  blood  leukocytes 
(PBL)  (5xl05/ml)  were  incubated  with  an  optimal  dilution  of 
A/Bangkok  influenza  in  1.5  ml  volumes  in  round  bottom  5  ml 
culture  tubes  for  5  days.  Blast  cells  were  then  isolated  on 
Ficoll-Hypaque  gradients  and  cultured  for  7  days  at  a 
concentration  of  lxl05/ml  with  irradiated  autologous  PBL  (feeder 
cells  -  5xl05/ml) ,  virus,  and  conditioned  medium  (CM  -  20%)  to 
expand  the  influenza-specific  T  cell  population.  Cells  were  then 
washed  and  cultured  at  lxl05/ml  with  feeders  and  virus  as 
described  above,  in  the  absence  of  CM,  in  5  ml  tubes.  Three  days 
later,  blast  cells  were  again  isolated  and  cloned  at  limiting 
dilution.  These  cultures  were  carried  out  in  60  well  Terasaki 
plates  in  volumes  of  0.02  ml/well;  T  cells  were  plated  at  a 
concentration  resulting  in  1  cell/3  wells,  with  each  well  also 
containing  104  feeders,  virus,  and  20%  CM.  Ten  days  later,  the 
contents  of  each  well  containing  growing  lymphocytes  were 
transferred  individually  to  0.2  ml  flat-bottom  wells  containing 
feeders  (105/well)  and  flu;  CM  (final  concentration  -  20%)  was 
added  the  following  day.  After  a  week,  cultures  were  expanded  to 
2  ml  wells  containing  106  feeders  and  flu;  again  CM  was  added  the 
next  day.  One  week  later,  each  clone  was  assayed  for  influenza- 
specific  proliferative  responsiveness.  Aliquots  of  each  clone 
were  also  frozen  and  maintained  in  liquid  nitrogen. 

Expansion  of  antigen-specific  T  cell  clones.  To  expand 
clonal  populations,  cells  were  fed  weekly  as  follows.  Cells  were 
cultured  at  lxl05/ml  in  RPMI  1640  with  10%  A+  plasma  and  5xl05 
irradiated  autologous  PBL/ml  and  an  optimal  concentration  of 
antigen.  The  following  day,  CM  was  added  (final  concentration 
20%).  On  day  4,  half  the  culture  medium  was  removed  and  replaced 
with  fresh  medium  containing  20%  CM. 

Proliferation  assays.  T  cell  clones  (5xl03  cells/well)  were 
cultured  with  irradiated  autologous  PBL  (25xl03  cells/well)  in  96 
well  U-bottom  plates  in  a  final  volume  of  0.2  ml.  Each  well  also 
contained  an  appropriate  concentration  of  antigen.  Cultures  were 
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incubated  for  48  hours,  pulsed  for  16  hours  with  1.0  uCi  of  3H- 
Thymidine  and  harvested  onto  glass-fiber  filters.  Filters  were 
dried  and  counted  using  a  liquid  scintillation  counter.  All 
assays  were  done  in  triplicate.  Cells  were  cultured  in  the 
absence  of  antigen  to  provide  negative  control  values,  with  CM, 
which  nonspecif ically  stimulates  T  cell  proliferation,  as  a 
positive  control,  and  an  irrelevant  antigen  (generally  an 
influenza  B  strain)  as  a  specificity  control. 

Conditioned  medium  production.  PBL  were  cultured  at 
lxl06/ml  in  RPMI  containing  1%  A+  plasma  and  0.1%  PHA-P.  After 
48  hours,  supernatants  were  harvested  and  filtered.  Lots  of  CM 
were  assayed  for  their  ability  to  support  proliferation  of  an  IL- 
2  dependent  cell  line.  Acceptable  lots  were  pooled  and  the 
volume  adjusted  for  use  at  a  final  concentration  of  20%  in 
culture. 

Analysis  of  cell  surface  antigens.  Cells  were  washed  and 
resuspended  to  10v  cells/ml  in  RPMI  with  10%  horse  serum  and 
0.02%  Na  azide.  Aliquots  of  cells  (0.1  ml)  were  dispensed  into  5 
ml  tubes  to  which  monoclonal  antibody  was  added;  the  amount  of 
antibody  used  was  determined  by  titration  of  each  preparation. 
After  1  hour  at  37°C,  cells  were  washed  and  incubated  with  goat 
anti-mouse  Ig  for  30  min.  at  37°C.  Cells  were  again  washed  and 
then  incubated  with  fluorescein-conjugated  rabbit  anti-goat  IgG 
for  30  min.  at  37°C.  After  two  washes,  cells  were  fixed  in  2% 
paraformaldehyde  and  analyzed  for  fluorescence  using  a 
fluorescence  activated  cell  sorter. 

Virus-Specific  Cytotoxicity.  Target  cells.  Target  cells 
are  EBV  transformed  cells  derived  from  the  same  donor  as  was  used 
to  generate  the  T  cell  clones  to  be  assayed.  The  use  of  EBV 
transformed  cells  as  targets  allows  the  detection  of  CTL  which 
are  HLA  Class  II  restricted;  cytotoxic  effects  of  these  Class  II 
restricted  clones  often  cannot  be  detected  using  PHA  blasts  as 
targets,  due  to  insufficient  levels  of  expression  of  class  II 
antigens.  At  t=-24  hrs.,  target  cells  were  diluted  to  1  x  105 
cells/ml  in  RPMI  1640,  10%  FCS,  +  influenza  A  (final  dilution  - 
1:250)  and  incubated  at  37°,  5%  C02 .  For  use  as  a  specificity 
control,  target  cells  are  incubated  with  medium  rather  than 
virus.  At  t=  0,  target  cells  were  harvested  and  viable  cells 
purified  on  a  Ficoll-Hypaque  gradient.  Cells  at  the  interface 
were  collected  and  washed  3  times  in  RPMI  10%  FCS.  Cells  were 
pelletted  (up  to  107  cells/tube)  and  200  uCi  51Cr  (in  0.1  ml)  was 
added.  Cells  were  resuspended  and  incubated  at  37°,  5%  C02,  for 
1  hr. ,  mixing  every  15  min.  Cells  were  washed  3  times  in  RPMI 
10%  FCS,  counted,  and  resuspended  at  1  x  105  cells/ml. 

Effector  cells.  T  cell  clones  were  used  as  killers  7  days  after 
feeding  with  antigen  and  antigen  presenting  cells.  Cells  were 
washed  once  with  RPMI  10%  FCS,  counted,  and  resuspended  to 
required  concentration  (determined  for  each  clone  to  yield 
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effective  lysis  of  104  targets;  for  most  clones,  105  killer 
cells/well  was  optimal) 


Assay.  Assays  were  carried  out  in  96  well  U  bottom  plates.  0.1 
ml  of  killer  cells  and  0.1  ml  of  target  cells  were  dispensed  into 
each  well.  As  controls,  targets  were  incubated  with  0.1  ml  of 
medium  (spontaneous  51Cr  release),  or  with  0.1  ml  0.1  N  HC1 
(maximum  ^Cr  release)  .  Plates  were  centrifuged  at  1000  rpm  for 
30  sec.  to  lightly  pellet  the  cells.  Plates  were  then  incubated 
at  37°,  5%  C02,  for  4  hrs,  centrifuged  at  1000  rpm  for  2  min., 
harvested  using  Skatron  supernatant  harvesters,  and  counted. 

%  specific  lysis  was  calculated  as: 

Experimental  com  -  Spontaneous  com  x  100 
Maximum  cpm  -  Spontaneous  cpm 


For  assays  in  which  immunomodulators  were  added  to  killer  or 
target  cells  on  the  day  of  the  assay,  cells  were  added  at  2X  the 
normal  concentration  in  half  the  normal  volume  to  allow  addition 
of  the  modulators  without  alteration  of  the  total  assay  volume. 


Results 


Characterization  of  T  cell  clones 


Screening  of  donors.  To  identify  an  appropriate  donor  for 
generation  of  T  cell  clones,  PBL  from  several  healthy  volunteers 
were  assayed  for  in  vitro  proliferative  responses  to  influenza 
virus.  PBL  (5xl05/well)  were  cultured  with  medium  or  dilutions 
of  influenza  A/Bangkok  ranging  from  0.1  to  50  HAU/ml  for  6  days, 
after  which  incorporation  of  %-thymidine  was  measured.  The 
results  of  one  such  experiment  are  shown  in  Table  1;  for 
simplicity,  only  one  virus  concentration  is  presented.  Donor  945 
clearly  gave  higher  proliferative  responses  in  this  and  other 
experiments  and  was  therefore  used  for  the  generation  of  clones 
for  the  studies  described  here. 

Determination  of  optimal  virus  dose  for  in  vitro  studies. 
Each  preparation  of  virus  must  be  tested  for  optimal  dilution  for 
use  in  generating  and  maintaining  clones  and  for  proliferation 
assays.  PBL  from  donor  945  were  cultured  with  varying  dilutions 
of  virus  for  6  days  and  assayed  for  proliferation  as  described 
above.  Data  from  the  most  recent  titration  of  influenza 
A/Bangkok  are  presented  in  Table  2?  for  this  preparation,  a 
1:1000  dilution  results  in  optimal  proliferation.  Similar 
results  (not  shown)  were  obtained  with  strains  A/Brazil  and 
B/Singapore . 

Antigen  specificity  of  T  lymphocyte  clones.  A  large  number 
of  T  lymphocyte  clones  were  generated  as  described  above,  using 


PBL  obtained  from  donor  945.  Of  these,  6  were  chosen  for  the 
initial  phases  of  these  studies.  To  determine  their  antigen 
specificities,  clor.es  were  incubated  with  irradiated  autologous 
PBL,  which  serve  as  antigen  presenting  cells,  and  medium 
(background) ,  20%  conditioned  medium  (a  nonspecific  stimulus 
which  serves  as  a  positive  control) ,  or  optimal  concentrations  of 
virus  in  a  2  day  proliferation  assay.  As  can  be  seen  in  Table  3, 
all  6  clones  proliferated  well  to  conditioned  medium  and 
therefore  were  healthy  and  able  to  divide  after  nonspecific 
stimulation.  Clones  TFE96  and  TFE97  were  able  to  respond  to  an 
H3N2  strain  (A/Bangkok)  of  flu,  but  not  to  the  H1N1  strain 
A/Brazil,  indicating  that  these  clones  recognize  determinants  on 
either  the  hemaglutinin  or  neuraminadase  components  of  the  virus. 
Clones  TFE40 ,  TFE89 ,  and  TFE102  all  responded  to  both  strains 
A/Bangkok  and  A/Brazil,  indicating  that  these  clones  are  specific 
for  antigenic  determinants  shared  by  A  strain  influenza  viruses. 
Clone  TFE88  responded  to  neither  A/Bangkok  nor  A/Brazil;  it  was 
included  in  some  experiments  as  a  control  for  nonantigen  specific 
effects  of  immunomodulators .  In  addition,  but  not  shown  here, 
all  clones  were  assayed  for  responsiveness  to  strain  B/Singapore 
and  in  all  cases  incorporated  less  than  100  cpm. 

Kinetics  of  responses  of  T  cell  clones.  To  determine  the 
day  of  peak  proliferative  response  of  the  T  cell  clones  used 
here,  clones  were  cultured  with  feeders  and  virus  and  pulsed  with 
3H-thymidine  after  2,  3,  or  4  days  of  culture.  The  data  in  Table 
4  demonstrate  that  clones  TFE40 ,  TFE96 ,  and  TFE102  responded 
optimally  2  days  after  initiation  of  cultures.  Clone  TFE97 
responded  optimally  on  day  3,  but  displayed  only  slightly  lower 
responsiveness  on  day  2.  All  assays  described  below  were 
therefore  pulsed  on  day  2  unless  otherwise  indicated. 

Cell  surface  phenotype  of  T  cell  clones.  T  cell  clones  were 
stained  with  monoclonal  antibodies  against  the  CD4  (OKT  4)  and 
CD8  (OKT  8)  determinants  followed  by  fluorescein  conjugated  goat 
anti-mouse  Ig  antibodies  and  analyzed  using  a  fluorescence 
activated  cell  sorter.  The  results  in  Table  5  indicate  that  all 
of  these  clones  express  the  CD4  antigen  and  are  negative  for  the 
CD8  marker. 

Virus-specific  cell  mediated  cytotoxicity.  Of  the  large 
number  of  virus-specific  T  cell  clones  originally  generated,  four 
cytotoxic  clones  were  used  in  these  studies  (Table  6)  .  In  all 
assays,  target  cells  which  had  been  incubated  with  medium  rather 
than  Influenza  virus  were  included  as  a  specificity  control.  Any 
killing  due  to  recognition  of  EBV  antigens  or  other  cell  surface 
antigens  would  be  seen  as  killing  of  targets  incubated  with 
medium  as  well  as  targets  incubated  with  virus;  using  T  cell 
clones  as  cytotoxic  effectors,  this  nonspecific  lysis  has  not 
been  seen.  In  assays  of  immunomodulators,  targets  incubated  with 
medium  also  served  to  control  for  any  nonspecific  effects  of 
these  compounds  on  either  the  effector  or  target  cells. 
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Evaluation  of  immunomodulators 


A  total  of  19  compounds  (18  potential  immunomodulators  and  1 
placebo)  were  supplied  for  testing  under  this  contract.  These 
compounds  and  their  AVS  numbers  are  listed  in  Table  7. 

The  first  compound  to  be  tested  was  CL  246,738.  T  cell 
clones  were  cultured  with  a  series  of  ten-fold  dilutions  of  the 
modulator.  The  modulator  was  included  from  the  beginning  of  the 
culture  and  proliferation  was  assayed  on  day  2.  The  results  of 
the  first  assay  (Table  8)  demonstrated  that  this  compound  was 
toxic  to  the  cells  at  a  concentration  of  10  ug/ml,  with 
incorporation  of  3H-TdR  into  DNA  eliminated,  and  lysis  of  cells 
observed  on  visual  inspection  of  cultures.  Partial  inhibition  of 
cell  division  in  response  to  CM  and  to  flu  compared  to  cultures 
containing  no  modulator  was  observed  when  the  compound  was 
included  at  a  final  concentration  of  1  ug/ml.  At  lower 
concentrations  of  modulator,  however,  an  increase  in  the  response 
to  flu  A  was  seen.  Proliferation  in  response  to  the  irrelevant 
antigen,  flu  B,  was  unaffected,  and  nonspecific  responsiveness  to 
CM  was  only  marginally  increased.  The  response  of  the 
nonspecific  clone,  TFE  88  was  not  appreciably  altered  under  these 
culture  conditions.  It  thus  appears  that  only  the  response  to 
specific  antigen  is  enhanced.  In  further  experiments  similar 
results  were  seen;  results  with  antigen  and  modulator 
concentrations  giving  optimal  enhancement  of  proliferation  are 
shown  in  Table  9.  It  should  be  noted  that  the  antigen 
concentration  which  results  in  optimal  stimulation  appears  to  be 
different  for  different  clones. 

The  effect  of  CL  246,738  on  virus-specific  cytotoxicity  was 
then  tested  over  a  w:He  range  of  concentrations.  Initially, 
effectors  were  incubated  with  CL  246,738  for  1  hour  before  target 
cells  were  added;  partial  inhibition  of  killing  was  seen  at  10'1 
ug/ml  and  killing  was  completely  eliminated  at  1  ug/ml  (Table 
10) .  Proliferation  and  cytotoxicity  assays  were  carried  out 
side-by-side,  as  described  above.  The  data  shown  in  Table  11 
demonstrate  that  at  10-1  ug/ml,  the  cytotoxic  response  was  less 
than  half  of  the  control  level  for  each  clone,  while  the 
proliferative  response  was  er.harced  relative  to  the  control 
response,  as  was  seen  in  initial  experiments  with  this  compound. 
The  kinetics  of  inhibition  of  CTL  responses  by  CL  246,738  was 
also  examined.  Killing  by  TFE  89  (Table  12)  was  slightly 
inhibited  when  10-1  ug/ml  of  CL  246,738  was  added  at  the  same 
time  as  target  cells,  while  a  1  hour  or  24  hour  preincubation 
resulted  in  a  much  greater  inhibition.  The  effect  of  1  ug/ml  was 
similar  with  0  or  1  hour  incubation,  while  a  24  hour  incubation 
resulted  in  total  elimination  of  killing.  In  contrast,  killing 
by  clone  TFE  23  (Table  13)  was  inhibited  to  a  greater  extent  by 
10-1  ug/ml  at  1  hour  than  at  24  hours,  while  1  ug/ml  totally 
eliminated  killing  with  either  incubation  time. 
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The  effect  of  OK-432  on  virus-specific  proliferation  was 
also  tested  over  a  concentration  range  from  10  ug/ml  to  10-6 
ug/ml  with  virus  dilutions  ranging  from  1:1000  to  1:16,0C0. 
Optimal  enhancement  was  seen  in  all  cases  with  a  virus  dilution 
of  1:2000;  the  concentration  of  OK-432  which  induced  optimal 
enhancement,  however,  varied  for  each  clone  (Table  14) .  To 
examine  the  effects  of  this  compound  on  virus-specific 
cytotoxicity,  OK  432  was  incubated  with  cytotoxic  clones  for  l 
hour  before  target  cells  were  added  (Table  15) .  Killing  by  TFE 
18  was  enhanced  over  the  entire  range  of  concentrations  tested. 
The  level  of  killing  by  TFE  23  was  also  enhanced  at  most 
concentrations  of  OK  432,  but  to  a  slightly  lesser  extent.  The 
responses  of  TFE  79  and  TFE  89  were  variable,  with  only  modest 
enhancement  and  modest  inhibition  observed. 

Dramatic  differences  among  the  clones  were  seen  in  the 
effects  of  recombinant  human  gamma  interferon  (AVS  2250)  on 
antigen-specific  proliferation  (Table  16) .  Clone  TF  E89 
displayed  enhanced  proliferation  at  low  interferon  concentrations 
and  decreased  proliferation  at  relatively  high  interferon 
concentrations.  Optimal  enhancement  of  proliferation  of  clone  TF 
E96  was  seen  at  intermediate  concentrations,  while  proliferation 
of  clones  TF  E97  and  TF  E102  was  optimally  enhanced  at  high 
concentrations  of  interferon.  Decreased  proliferation  was  not 
seen  at  any  interferon  concentration  with  any  clone  other  than  TF 
E89 .  These  effects  were  seen  at  all  antigen  dilutions  tested, 
although  they  were  most  dramatic  at  suboptimal  antigen 
concentrations.  Both  the  inhibition  and  enhancement  were  seen 
only  with  antigen-specific  responses;  no  effect  was  seen  on 
nonspecific  proliferation  induced  by  conditioned  medium  or  on 
negative  control  responses.  That  inhibition  of  proliferation  was 
not  due  to  toxicity  or  interference  with  thymidine  uptake  by  the 
cells  was  confirmed  by  the  results  with  conditioned  medium  as 
well  as  by  trypan  blue  viability  counts  of  the  cells  after 
culture. 

To  study  the  effects  of  interferon  on  expression  of  surface 
markers,  clones  were  incubated  with  feeder  cells  and  antigen  for 
two  days  in  the  presence  or  absence  of  1  ug/ml  of  interferon 
prior  to  cell  sorter  analysis  (Tables  17  and  18) .  This  timing 
and  concentration  of  interieron  were  chosen  since  these 
conditions  are  those  under  which  we  found  an  effect  of  interferon 
on  antigen-specific  proliferation.  After  incubation  with  antigen 
and  interferon,  clone  TF  E89,  which  previously  displayed 
decreased  antigen-specific  proliferation  in  response  to  1  ug/ml 
of  interferon,  was  found  to  express  slightly  decreased  levels  of 
CD4  antigens  relative  to  cells  incubated  with  antigen  in  the 
absence  of  interferon.  Clone  TF  E97,  which  displayed  enhanced 
antigen-specific  proliferation  in  the  presence  of  1  ug/ml 
interferon,  was  found  to  have  increased  expression  of  CD4  and  IL- 
2  receptor  after  incubation  with  antigen  and  interferon  relative 
to  cells  incubated  with  antigen  alone.  Clone  TF  E102  also  showed 
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enhanced  CD4  expression  after  incubation  with  interferon; 
expression  of  IL-2  receptor,  however,  was  not  enhanced  in  this 
clone.  Each  clone  thus  displays  a  unique  pattern  of  alteration 
of  surface  marker  expression  in  response  to  gamma  interferon. 

A  series  of  experiments  was  carried  out  to  examine  the 
effects  of  recombinant  leukocyte  A  interferon  (AVS  4625)  on 
proliferation  of  influenza  virus-specific  T  cell  clones. 
Initially,  AVS  4625  was  tested  over  a  range  from  10“2  to  104 
U/ml.  The  results  of  these  assays  are  shown  in  Tables  19a-19e. 
Some  enhancement  of  antigen-specific  proliferation  was  seen  with 
each  clone  under  particular  conditions  (which  differed  for  each 
clone) ;  only  with  TFE  96,  however,  could  enhancement  be  detected 
over  a  range  of  concentrations  of  AVS  4625  and  antigen  (Table 
lc) .  At  concentrations  of  103  and  104  U/ml,  AVS  4625 
consistently  suppressed  proliferation  of  all  5  clones;  this 
supression  was  seen  when  proliferation  was  induced  by  specific 
antigen  (Flu  A)  as  well  as  when  proliferation  was  nonspecif ically 
induced  by  conditioned  medium  (CM) .  Similar  levels  of 
suppression  were  seen  with  optimal  antigen  concentrations  and 
with  CM  ( 15%-35%  of  control  response  remaining),  with  greater 
suppression  of  responsiveness  at  lower  antigen  concentrations  (up 
to  98%  inhibition) .  To  further  examine  enhancement  of 
proliferation  by  AVS  4625,  this  compound  was  included  in  another 
set  of  experiments  at  doses  from  10”4  to  102  U/ml  (Tables  20a- 
20e) .  In  these  experiments,  enhancement  of  antigen-specific  (but 
not  CM-induced)  proliferation  could  be  detected  over  the  entire 
range  of  antigen  concentrations  tested.  This  enhancement  was 
seen  primarily,  but  not  exclusively,  at  lower  concentrations  of 
AVS  4625,  and  again,  maximal  enhancement  (up  to  4.3  fold)  was 
seen  at  lower  antigen  doses.  The  effects  of  AVS  4625  on  clonal 
cytotoxicity  are  shown  in  Table  21.  At  doses  of  10-1  U/ml  or 
less,  cytotoxicity  was  either  slightly  inhibited  or  was 
unchanged.  Doses  of  1  U/ml  or  more,  however,  caused  slight 
enhancement  of  the  response  of  clone  TFE  23,  which  displayed  a 
high  control  level  of  killing,  and  much  greater  enhancement  of 
the  levels  of  killing  by  clones  TFE  79  and  TFE  89,  which 
displayed  lower  control  cytotoxicity. 

The  effects  of  recombinant  hybrid  human  interferon  alpha  BD 
(AVS  5311)  on  proliferation  of  virus-specific  T  cell  clones  are 
shown  in  Tables  22a-22e.  As  was  seen  with  AVS  4625  (recombinant 
leukocyte  A  interferon) ,  both  antigen-specific  proliferation  and 
nonspecific  proliferation  induced  by  conditioned  medium  were 
suppressed  by  high  concentrations  (104  U/ml)  of  interferon.  At 
lower  concentrations  of  interferon,  modest  enhancement  was  seen 
only  in  isolated  cases;  our  experience  with  AVS  4625  indicates 
that  concentrations  even  lower  than  the  lowest  tested  here  (10-2 
U/ml)  may  be  necessary  to  see  consistent  enhancement  of 
proliferation.  When  clone  TFE  89  was  incubated  with  AVS  5311  for 
1  hour  prior  to  addition  of  Flu  A  coated  targets,  enhancement  of 
killing  is  seen  at  concentrations  of  10  U/ml  or  more  (Table  23) . 
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Addition  of  AVS  5311  at  the  same  time  as  target  cells  results  in 
a  slightly  lower  degree  of  enhancement,  but  optimal  enhancement 
is  seen  lower  concentrations  of  interferon  (Table  24). 

Poly  ICLC  (AVS  1761)  was  tested  for  effects  on  T  cell  clonal 
proliferation  over  concentrations  ranging  from  10  to  10-5ug/ml 
(Tables  25a-25e) .  As  with  AVS  4625,  modest  enhancement  of 
antigen-specific  proliferation  was  seen  under  selective 
conditions  with  each  clone;  the  response  of  TFE  96  to  virus  at 
1:16000,  however,  was  enhanced  more  than  3  fold  (Table  25c). 

High  concentrations  of  Poly  ICLC  (1  and  10  ug/ml)  suppressed  the 
antigen-specific  proliferative  responses  of  all  of  the  clones 
tested.  Here  again,  the  responses  to  lower  antigen 
concentrations  were  suppressed  to  a  much  greater  extent  than  was 
proliferation  to  optimal  antigen  concentration.  The 
proliferative  responses  to  suboptimal  antigen  doses  were  also 
inhibited  by  lower  concentrations  of  Poly  ICLC.  As  contrasted 
with  AVS  4625,  however.  Poly  ICLC  only  marginally  inhibited  the 
nonspecific  proliferative  response  to  conditioned  medium.  The 
effect  of  Poly  ICLC  on  virus-specific  cytotoxicity  was  similar  to 
that  seen  with  AVS  4625;  enhancement  of  specific  killing  by  clone 
TF  E89  was  seen  even  at  concentrations  of  Poly  ICLC  which 
markedly  inhibited  virus-specific  proliferation  by  this  clone 
(Table  26) . 

Poly  I. Poly  C  12U  (AVS  2149)  was  tested  for  effects  on  T 
cell  clonal  proliferative  responses  over  the  same  range  of 
concentrations  and  of  antigen  dilutions  as  were  used  for  Poly 
ICLC;  results  are  presented  in  Tables  27a-27d.  Enhancement  of 
proliferation  of  all  clones  was  seen  with  AVS  2149  at  1  ug/ml  at 
antigen  dilutions  ranging  from  1:4000  to  1:16,000.  Some 
enhancement  was  also  seen  at  lower  concentrations  of  AVS  2149 
and/or  higher  concentrations  of  virus,  but  this  was  not 
consistent  among  the  clones. 

AVS  2149  was  also  tested  for  effects  on  virus-specific 
cytotoxicity.  When  cytotoxic  effectors  and  drug  were  mixed  at 
the  time  of  target  cell  addition,  some  decrease  in  killing  was 
seen  (Table  28) .  When  effectors  and  drug  were  incubated  together 
for  1  hour  prior  to  addition  of  target  cells  (Table  29) ,  killing 
was  inhibited  to  a  much  greater  extent.  In  both  situations, 
greater  inhibition  was  seen  at  higher  drug  concentrations. 

Greater  inhibition  was  also  seen  in  clones  which  displayed  higher 
control  levels  of  killing. 

Effects  of  liposomal  muramyl  tripeptide  (AVS  2933)  and 
control  placebo  liposomes  (AVS  4726)  on  T  cell  clonal 
proliferation  are  shown  in  Tables  30a,b-34a,b.  In  each  case  the 
effects  of  MTP  and  the  placebo  were  tested  simultaneously  with 
each  clone.  Modest  effects  of  both  MTP  and  the  placebo  on  the 
nonspecific  response  to  conditioned  medium  were  seen;  in  some 
cases  proliferation  was  slightly  enhanced,  in  others,  slightly 
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inhibited.  At  the  highest  concentrations  tested,  both  MTP  and 
placebo  liposomes  caused  marked  inhibition  of  antigen-specific 
proliferative  responses  at  all  antigen  concentrations.  The 
degree  of  inhibition  seen  with  MTP,  however,  was  much  greater 
than  that  seen  with  the  placebo;  this  is  particularly  evident  at 
lower  antigen  concentrations.  No  significant  effect  of  MTP  or 
placebo  liposomes  on  virus-s[ecif ic  cytotoxicity  was  detected  at 
any  concentration  tested  (Table  35) . 


Two  related  compounds,  l-isobutyl-4 ( 1H) -imidazo[4 , 5-C] 
quinolinamine  (AVS  1018)  and  its  HC1  salt  (AVS  1300)  were  assayed 
in  parallel.  No  significant  effect  of  AVS  1018  on  antigen- 
specific  proliferation  was  seen  with  clones  TF  E40  or  TF  E102  at 
any  antigen  concentration  or  drug  concentration,  and  only  modest 
enhancement  was  detected  with  TF  E89.  Proliferation  of  clones  TF 
E96  and  TF  E97  was  enhanced  up  to  2  fold  by  drug  concentrations 
in  the  range  of  10“3  to  10-5  ug/ml  at  suboptimal  antigen 
concentrations  (Table  36) .  A  different  pattern  was  seen  with 
AVS-001300  (Table  37) .  This  compound  induced  enhanced 


proliferation  of  all  clones  tested.  Optimal  enhancement  was  seen 
at  low  antigen  concentrations  and  with  drug  concentrations  in  the 
range  of  10-1  to  10“3  ug/ml,  but  some  degree  of  enhancement  was 
seen  over  a  relatively  wide  range  of  drug  concentrations. 


Inhibition  of  killing  was  seen  when  either  AVS  1018  (Table 
38)  or  AVS  1300  (Table  39)  were  incubated  with  effectors  for  1 
hour  prior  to  addition  of  target  cells.  AVS  1018  inhibited 
killing  by  clones  TFE  18  and  TFE  23,  which  displayed  high  control 
levels  of  killing,  and  by  TFE  89,  which  in  this  experiment  killed 
at  an  intermediate  level;  the  drug  dose  which  maximally  inhibited 
was  different  for  each  clone.  The  low  level  of  killing  by  TFE  79 
appeared  to  be  enhanced  by  AVS  1018  at  1  ug/ml.  A  different 
pattern  was  seen  with  AVS  1300.  Killing  by  clones  TFE  18  and  TFE 
79  was  inhibited  by  AVS  1300  at  all  concentrations  tested. 
Virus-specific  killing  by  clones  TFE  23  and  TFE  89,  however,  was 
moderately  inhibited  by  some  concentrations  of  AVS  1300  and 
modestly  enhanced  by  others. 


In  proliferation  assays,  AVS  2880  induced  significantly 
enhanced  proliferation  in  only  some  of  the  clones;  the  most 
dramatic  enhancement  was  seen  with  clone  TF  E97  at  suboptimal 
antigen  concentrations  (Table  40) .  This  compound  alone  caused 
significant  release  of  ^1Cr  from  target  cells,  therefore  it  was 
not  possible  to  assay  its  effects  on  virus-specific  cytotoxicity. 


Six  related  compounds,  ABPP  (AVS  2776),  AIPP  (AVS  2777), 
ABMP  (AVS  2778),  ACPP  (AVS  3587),  ABMFPP  (AVS  3588),  and  ACDFPP 
(AVS  3589)  all  required  high  concentrations  of  DMSO  to  dissolve, 
but  remained  in  solution  when  diluted  in  tissue  culture  medium 
for  assay.  All  cultures  therefore  contained  DMSO  at  the  same 
final  concentration  (generally  1%)  to  control  for  effects  of  the 
solvent  on  the  clones.  AVS  2776  induced  enhanced  proliferation 
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in  four  of  the  five  clones  tested  (Table  41) .  This  enhancement 
was  seen  only  at  low  antigen  doses;  the  modulator  dose  required 
for  optimal  enhancement,  however,  was  variable.  Enhancement 
generally  was  in  the  range  of  1.7  to  3  fold,  but  in  the  case  of 
clone  TFE102  at  a  1:16,000  dilution  of  virus,  up  to  14.8  fold 
increase  in  response  was  seen.  AVS  2777  was  able  to  increase 
proliferation  of  all  clones  tested  (Table  42) .  Optimal 
conditions  varied,  both  in  terms  of  antigen  dilution  and 
modulator  concentration,  and  in  all  cases  enhancement  was  in  the 
range  of  1.5  to  4  fold.  Similar  results  were  obtained  with  AVS 
2778  (Table  43)  and  AVS  3587  (Table  44) ;  neither  of  these, 
however,  induced  enhanced  proliferation  in  all  five  clones.  No 
effects  on  proliferation  of  any  of  the  clones  were  seen  with  AVS 
3588  or  AVS  3589  under  any  conditions  tested.  The  relatively 
high  DMSO  concentrations  required  to  keep  these  compounds  in 
solution  resulted  in  considerable  leakage  of  51Cr  from  target 
cells,  making  cytotoxicity  assays  with  these  agents  impossible. 


Conclusions 


A  series  of  human  T  cell  clones  generated  against  Influenza 
A  virus  (strain  A/Bangkok  RX  73)  was  used  as  a  model  system  to 
evaluate  immunomodulatory  potential  of  a  variety  of  compounds. 
Included  in  the  group  were  clones  specific  for  various  viral 
proteins  as  well  as  representatives  of  different  functional  T 
cell  subpopulations. 

Many  of  the  compounds  tested  affected  antigen-specific 
proliferation  of  some  or  all  of  the  T  cell  clones,  and  both 
enhancement  and  suppression  of  proliferation  were  seen.  Some 
compounds  affected  proliferation  under  the  same  conditions  for 
all  clones,  while  with  others,  optimal  effects  were  seen  with 
different  concentrations  of  virus  and/or  immunomodulator  for  each 
clone.  The  effects  seen  were  generally  most  profound  on 
suboptimal  control  responses.  Of  particular  interest  was  gamma 
interferon,  which  under  identical  conditions  enhanced  the 
proliferation  of  some  clones  while  inhibiting  proliferation  of 
others.  In  most  cases,  only  virus-specific  proliferation  was 
affected,  but  a  few  of  the  compounds  altered  nonspecific 
proliferation  induced  by  IL-2  containing  conditioned  medium. 

In  assays  of  virus-specific  cell  mediated  cytotoxicity,  most 
compounds  which  enhanced  proliferative  responses  suppressed 
cytotoxicity  under  similar  conditions,  while  most  of  those  which 
suppressed  proliferation  enhanced  cytotoxicity.  Poly  ICLC  (only 
at  relatively  low  concentrations)  and  OK-432,  however,  were  found 
to  enhance  both  virus-specific  proliferation  and  cytotoxicity 
under  the  same  conditions.  As  was  seen  in  proliferation  assays, 
there  was  variation  among  the  clones  in  their  response  to 
different  compounds. 
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The  unique  patterns  of  responsiveness  of  different  T  cell 
clones  to  many  of  the  immunomodulatory  compounds  tested  indicate 
that  such  a  system  can  be  useful  in  dissecting  the  basic  effects 
of  such  agents  on  individual  components  of  the  immune  response. 
Since  differences  were  seen  both  with  different  T  cell  functional 
subpopulations  as  well  as  among  clones  with  specificity  for 
various  viral  antigens,  it  will  be  critical  in  future  studies  to 
use  clones  generated  against  viruses  of  military  interest.  It 
should  also  be  noted  that  all  of  the  clones  used  here  were 
generated  from  a  single  donor,  thus  no  assessment  of  individual 
variation  in  responsiveness  to  either  the  virus  or  the 
immunomodulators  was  possible.  The  ultimate  value  of  studies  of 
potential  immunomodulators  will  not  be  in  the  data  generated 
alone  but  in  such  data  in  conjunction  with  other  studies  such  as 
those  which  employ  in  vivo  animal  models. 
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APPENDIX  I 

TABLES  1-44 
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Donor 

Medium 

Flu  A/Bancrkok 

15 

1,362 

4,130 

(247) 

(814) 

20 

686 

6,284 

(175) 

(2035) 

44 

570 

16,625 

(113) 

(1132) 

127 

635 

3,449 

(104) 

(1523) 

769 

305 

15,123 

(39) 

(1017) 

945 

404 

19,984 

(27) 

(135) 

1719 

401 

8,175 

(43) 

(123) 

2156 

295 

6,313 

(44) 

(925) 

Table  1.  Influenza  Virus-Specific  Proliferative  Response  of 
PBL  from  8  Normal  Donors. 

PBL  from  healthy  volunteers  were  cultured  for  6  days  with 
influenza  virus  (5  HAU/ml) .  Cultures  were  pulsed  with  3H- 
thymidine  for  the  final  18  hours  of  culture  and  incorporation  of 
radiolabel  into  DNA  measured.  Data  are  presented  as  mean  cpm 
(SEM) ;  all  cultures  were  done  in  triplicate. 


Flu  dilution 

cpm 

fS.E.) 

medium 

2557 

(559) 

1:250 

4884 

(453) 

1:500 

7302 

(1645) 

1:1000 

10,548 

(1416) 

1:2000 

4457 

(1436) 

1:4000 

4329 

(620) 

1:8000 

5645 

(952) 

1:16,000 

2140 

(774) 

Table  2.  Dose-Response  of  PBL  to  Influenza  A/Bangkok. 

PBL  (5xl05/well)  from  donor  945  were  cultured  with  the  indicated 
dilutions  of  virus  for  6  days  and  pulsed  with  3H-thymidine  for 
the  final  18  hours  of  culture.  Data  are  the  mean  of  triplicate 
cultures  (SEM) . 


Clone 

Medium 

CM 

Flu  A/ Bangkok 
(H3N2 ) 

Flu  A/Brazil 
(H1N1 ) 

TFE40 

161 

18 , 578 

21,337 

26,025 

(50) 

(642) 

(240) 

(467) 

TFE88 

69 

9,394 

103 

157 

(24) 

(755) 

(45) 

(36) 

TFE89 

52 

7,573 

10,906 

12,517 

(19) 

(347) 

(52) 

(392) 

TFE96 

37 

7,342 

6,153 

79 

(3) 

(578) 

(606) 

(29) 

TFE97 

31 

6,415 

6,919 

502 

(5) 

(145) 

(551) 

(73) 

TFE102 

41 

6,589 

10,031 

15,783 

(16) 

(411) 

(586) 

(571) 

Table  3.  Antigen  Specificity  of  T  Lymphocyte  Clones. 

T  cell  clones  (lxl04/well)  were  cultured  with  autologous 
irradiated  feeders  (2 . 5xl04/well)  and  medium,  20%  CM,  or  optimal 
dilutions  of  virus  as  indicated.  After  2  days  cultures  were 
pulsed  with  3H-thyraidine  for  18  hours  and  incorporation  of  label 
into  DNA  was  measured.  Data  are  presented  as  mean  of  triplicate 
cultures  (SEM) . 


Clone 

Dav  2 

Dav  3 

Dav  4 

TFE40 

4295 

3037 

NT 

(725) 

(423) 

TFE96 

2121 

1469 

470 

(345) 

(215) 

(33) 

TFE97 

4196 

5293 

3631 

(324) 

(492) 

(585) 

TFE102 

1421 

1273 

659 

(154) 

(360) 

(131) 

Table  4 . 

Kinetics  of  Proliferative 

Response  of  T  Cell 

Clones 

T  cell  clones  (lxl04/well)  were  cultured  with  irradiated 
autologous  feeders  (2 . 5xl04/well)  and  influenza  A/Bangkok 
(1:1000).  After  the  indicated  times  cultures  were  pulsed  with 
^H-thymidine  for  18  hours  and  incorporation  of  label  into  DNA  was 
measured.  Data  is  presented  as  mean  cpm  for  triplicate  cultures 
(SEM) .  Background  for  clones  cultured  with  feeders  in  the 
absence  of  virus  in  all  cases  was  less  than  100  cpm. 


%  Positive 


Clone 

CD  4 

CD  8 

TFE40 

99.4 

6.3 

TFE88 

95.1 

3.5 

TFE89 

97.5 

2.2 

TFE96 

95.9 

3.7 

TFE97 

98.9 

7.4 

TFE102 

98.3 

1.9 

Table  5.  Expression  of  Cell  Surface  Markers  on  T  Cell  Clones. 

Cells  were  incubated  with  0KT4  (CD4)  or  0KT8  ( CD8 )  monoclonal 
antibodies  followed  by  fluorescein-conjugated  goat  anti-mouse  Ig 
antibodies.  Stained  cells  were  analyzed  using  a  fluorescence 
activated  cell  sorter. 


Clone  Medium  Flu  A  1:250 


TFE 

18 

1.0 

52.9 

TFE 

23 

0.7 

46.4 

TFE 

79 

0 

19.8 

TFE 

89 

0.8 

19.1 

Table  6.  Virus-Specific  Cytotoxicity  Mediated  by  T  Cell  Clones 

Clones  were  assayed  for  the  ability  to  kill  syngeneic  EBV 
transformed  target  cells  which  had  been  incubated  for  24  hours 
with  either  medium  or  virus  as  indicated.  Results  are  expressed 
as  %  specific  lysis. 


AVS  Number  Compound 


1968 

2269 

2350 

4625 

5311 

1018 

1300 

2776 

2777 

2778 
2880 

3587 

3588 

3589 
2149 
1761 
2933 

4726 


OK-432 
CL  246,738 

Tumor  Necrosis  Factor 
Human  Recombinant  Interferon  Gamma 
Recombinant  Leukocyte  A  Interferon 
Recombinant  Hybrid  Human  Interferon  Alpha  BD 
l-isobutyl-4 (1H) -imidazo[4 , 5-C]quinolinamine 

1- isobutyl-4 (1H) -imidazo[4 , 5-C]quinolinamine, 

HC1  salt 

2- amino-5-bromo-6-phenyl-4 (3H) -pyrimidinone 
(Bropirimine,  ABPP) 

2-amino-5-iodo-6-phenyl-4 ( 3H) -pyrimidinone  ( AIPP) 
2-amino-5-bromo-6-methyl-4 (3H) -pyrimidinone  (ABMP) 
DL-2 , 3 , 5 , 6 , 7 , 8-hexahydro-8 , 8-dimethoxy-2- 
phenylimidazo[ 1, 2-A]pyridine  hydrochoride 
ACPP 
ABMFPP 
ACDFPP 

Polyl . PolyC12U 
PolylCLC 

Liposomal  Muramyl  Tripeptide  (Muramyl  Tripeptide 
Phosphatidylethanolamine) 

Liposome  (Placebo  for  AVS  2933) 


Table  7.  Compounds  provided  for  testing  of  immunomodulatory 
activity. 


Modulator  _ Flu  A/Banakok 


Concentration 

Medium 

CM 

1:500 

1:1000 

1:2000 

0 

32 

6810 

3862 

2419 

1502 

(9) 

(463) 

(348) 

(241) 

(514) 

10”3  ug/ml 

23 

7915 

4480 

2441 

1765 

(10) 

(521) 

(202) 

(389) 

(101) 

10-2  ug/ml 

32 

7427 

4561 

2693 

1936 

(2) 

(314) 

(451) 

(121) 

(240) 

10”1  ug/ml 

49 

6922 

5054 

3425 

2678 

(26) 

(237) 

(291) 

(298) 

(596) 

1  ug/ml 

19 

2474 

1481 

1008 

539 

(8) 

(170) 

(163) 

(112) 

(133) 

10  ug/ml 

15 

16 

11 

25 

19 

(4) 

(5) 

(1) 

(6) 

(1) 

Table  8.  Toxicity  of  Modulator  CL  246,738. 

Clone  TFE97  (lxlO4  cells/well)  was  cultured  with  irradiated 
autologous  feeders  (2 . 5xl04/well)  and  the  indicated  antigen, 
along  with  the  indicated  concentration  of  CL  246,738.  After  48 
hours,  cultures  were  pulsed  for  18  hours  with  3H-thymidine  and 
incorporation  of  radiolabel  into  DNA  was  measured.  Results  are 
expressed  as  mean  cpm  for  triplicate  cultures  (SEM) . 


CL  246,738 

Flu  A 

Flu  A 

Clone 

Concentration 

Medium 

1:2000 

1:16.000 

TFE40 

0 

43 

3232 

757 

(14) 

(186) 

(134) 

10-1  ug/ml 

25 

3477 

1645 

(8) 

(283) 

(228) 

TFE89 

0 

55 

4186 

948 

(19) 

(133) 

(41) 

10”1  ug/ml 

54 

4209 

1642 

(22) 

(369) 

(158) 

TFE97 

0 

28 

3128 

611 

(6) 

(313) 

(157) 

10"1  ug/ml 

37 

4143 

824 

(10) 

440 

(180) 

Table  9.  Effect  of  CL  246,738  on  Proliferation  of  Virus-Specific 
T  Cell  Clones. 

T  cell  clones  (lxl04/well)  were  cultured  with  irradiated 
autologous  feeders  (2 . 5xl04/well)  and  the  indicated 
concentrations  of  antigen  and  CL  246,738.  After  48  hours, 
cultures  were  pulsed  with  3H-thymidine  for  18  hours  and 
incorporation  of  label  into  DNA  was  measured.  Results  are 
expressed  as  mean  cpm  of  triplicate  cultures  (SEM) . 


rCT,  246.7381 

TFE  18 

TFE  2  3 

TFE  79 

TFE  89 

0 

36.0 

49.1 

3.4 

10.1 

10-7  ug/ml 

43.1 

49.6 

3.8 

10.2 

10~6 

41.4 

48.4 

2.2 

9.0 

10"5 

40.9 

53.5 

1.5 

9.1 

10-4 

38.2 

55.5 

2.7 

8.1 

10-3 

47.3 

53.8 

6.2 

10.7 

10“2 

37.6 

49.4 

4.3 

9.5 

10"1 

23.7 

31.1 

2.4 

4.1 

1 

2.3 

2.5 

0.2 

1.8 

Table  10.  Effect  of  CL  246,738  on  Virus-Specific  Cytotoxicity 

Effector  cells  were  incubated  with  the  indicated  concentrations  of 
CL  246,738  for  1  hour  before  addition  of  target  cells.  Results  are 
expressed  as  %  specific  lysis. 


Clone 

TCL  246.7381 

Prolif.* 

%  Specific  Lvsis 

TFE  2  3 

0 

13,697 

58.6 

10"6 

14,876 

57.2 

10"5 

14,256 

49.3 

10-4 

14,124 

40.1 

10"3 

15,459 

54.5 

10"2 

16,404 

48.6 

10-1 

15,495 

20.7 

1 

96 

6.2 

10 

33 

7.4 

TFE  89 

0 

11,306 

26.6 

10-4 

11,695 

22.2 

10'3 

12,865 

22.1 

10“2 

13,181 

16.0 

10-1 

14,308 

12.2 

1 

101 

8.5 

10 

59 

11.1 

Table  11. 

Effect  of  CL  246,738 

on  Proliferation 

and  Cytotoxicity 

* 


Flu  A  1:4000 


TCL  246.7381 

0  hours 

1  hour 

24  hours 

0 

15.1 

16.5 

10.9 

10"6  ug/ml 

17.7 

17.2 

13.5 

10-5 

15.7 

17.1 

11.8 

10-4 

17.0 

17.0 

11.6 

10“3 

15.7 

19.5 

12.4 

10“2 

18.0 

17.4 

10.4 

10”1 

11.1 

7.6 

4.9 

1 

7.7 

7.5 

-0.3 

Table  12.  Kinetics  of  CL  246,738  Effect  on  Virus-Specific 
Cytotoxicity 


Clone  TFE  89  was  preincubated  with  the  indicated  concentrations  of 
CL  246,738  for  the  indicated  length  of  time  prior  to  the  addition  of 
influenza  A  coated  target  cells.  Results  are  expressed  as  %  specific 
lysis . 


246.7381 

1  hour 

24  hours 

0 

41.0 

38.1 

10~6  ug/ml 

46.3 

47.3 

in 

i 

o 

iH 

43.4 

46.3 

I-* 

O 

.t* 

42.1 

44 . 0 

10“3 

47.3 

44.1 

10-2 

40.1 

47.8 

10-1 

10.7 

24.5 

1 

1.2 

-0.8 

Table  13.  Kinetics  of  CL  246,738  Effect  on  Virus-Specific 
Cytotoxicity 

Clone  TFE  23  was  preincubated  with  the  indicated  concentrations  of 
CL  246,738  for  the  indicated  lengths  of  time  prior  to  the  addition  of 
influenza  A  coated  target  cells.  Results  are  expressed  as  %  specific 
lysis. 


Clone 

Modulator 

Medium 

Flu  A 
1:2000 

TFE89 

- 

72 

(7) 

3325 

(101) 

10-3  ug/ml 

68 

(10) 

4805 

(293) 

TFE96 

- 

83 

(17) 

3277 

(107) 

10-1  ug/ml 

67 

(8) 

4099 

(98) 

TFE97 

- 

95 

(27) 

2120 

(194) 

10“6  ug/ml 

117 

(2) 

2799 

(425) 

TFE102 

- 

63 

(5) 

2531 

(212) 

IQ- 3  ug/ml 

47 

(10) 

3651 

(365) 

Table  14.  Effect  of  Modulator  OK432  on  Proliferation  of  Virus- 
Specific  T  Cell  Clones. 

T  cell  clones  (lxlO4  cells/well)  were  cultured  with  irradiated 
autologous  feeders  (2 . 5xl04/well)  and  the  indicated  concentrations  of 
antigen  and  OK432.  After  48  hours,  cultures  were  pulsed  with  3H- 
thymidine  for  18  hours  and  incorporation  of  label  into  DNA  was 
measured.  Results  are  expressed  as  mean  cpm  for  triplicate  cultures 
(SEM)  . 


TFE  18 


TFE  23 


TFE  79 


TFE  89 


[OK  4321 


0 

58.1 

51.1 

9.5 

22.0 

10-6  ug/ml 

73.6 

57.2 

6.7 

17.7 

10-5 

70.3 

50.7 

7.5 

18.2 

!-* 

O 

1 

69.2 

54.7 

12.0 

22.2 

10"3 

68.6 

49.4 

5.9 

24.0 

CM 

1 

O 

rH 

62.9 

6  2 

8.7 

22.3 

10-1 

65.8 

57.  J 

6.7 

21.8 

l 

64.6 

55.8 

11.4 

19.7 

10 

74.5 

56.6 

9.2 

23.0 

Table  15.  Effect 

of  OK  432 

on  Virus-Specific 

Cytotoxicity 

T  cell  clones  were  incubated  with  the  indicated  concentrations  of  OK 
432  for  1  hour  prior  to  the  addition  of  target  cells.  Results  are 
expressed  as  %  specific  lysis. 


IFN  Cone. 

E40 

E89 

E96 

E97 

E102 

0 

286 

1875 

1361 

310 

110 

(108) 

(149) 

(360) 

(29) 

(14) 

10-6  ug/ml 

206 

2833 

1838 

449 

323 

(108) 

(432) 

(203) 

(67) 

(48) 

10“5  ug/ml 

177 

2525 

2507 

667 

175 

(79) 

(158) 

(261) 

(100) 

(47) 

10” 4  ug/ml 

447 

2235 

3575 

714 

317 

(245) 

(211) 

(860) 

(118) 

(57) 

10-3  ug/ml 

303 

2275 

1807 

614 

161 

(83) 

(143) 

(108) 

(70) 

(79) 

10-2  ug/ml 

208 

1892 

1785 

767 

239 

(79) 

(209) 

(274) 

(34) 

(61) 

10_1  ug/ml 

396 

1253 

1968 

1152 

180 

(61) 

(143) 

(377) 

(171) 

(48) 

1  ug/ml 

515 

800 

1877 

879 

347 

(169) 

(102) 

(108) 

(162) 

(77) 

Table  16.  Effect  of  Gamma  Interferon  on  Proliferation  of  Virus- 
Specific  T  Cell  Clones. 

T  cell  clones  (lxlO4  cells/well)  were  cultured  with  irradiated 
autologous  feeders  (2 . 5xl04/well) ,  a  suboptimal  concentration  of 
influenza  virus  (1:8000),  and  the  indicated  concentration  of  gamma 
interferon.  After  48  hours,  cultures  were  pulsed  with  3H-thymidine 
for  18  hours  and  incorporation  of  label  into  DNA  was  measured. 

Results  are  expressed  as  mean  cpm  for  triplicate  cultures  (SEM) . 
Clones  incubated  with  medium  rather  than  virus  incorporated  less  than 
40  cpm. 


Clone 


Interferon 


%  Positive 


Mean  FI  Channel 


E40 

— 

50.2 

244 

+ 

46.3 

278 

E89 

- 

62.5 

367 

4* 

47.8 

278 

E96 

- 

53.6 

254 

+ 

42.8 

235 

E97 

- 

61.5 

295 

+ 

86.0 

619 

E102 

- 

62.8 

365 

+ 

79.8 

492 

Table  17.  Effect  of  Gamma  Interferon  on  Cell  Surface  Expression 
of  CD4 . 

T  cell  clones  (lxlO5  cells/ml)  were  cultured  with  irradiated 
autologous  feeders  (2 . 5xl0^/ml) ,  a  suboptimal  concentration  of 
influenza  virus  (1:8000),  and  1  ug/ml  gamma  interferon.  After  48 
hours,  cells  were  analyzed  for  expression  of  surface  CD4 . 


Clone 


Interferon 


%  Positive 


Mean  FI  Channel 


E40 

— 

15.0 

178 

+ 

14.7 

186 

E89 

- 

14.9 

104 

+ 

11.5 

.173 

E96 

- 

14.9 

198 

+ 

22.0 

223 

E97 

- 

5.5 

258 

+ 

40.5 

254 

E102 

- 

11.0 

192 

+ 

10.2 

204 

Table  18.  Effect  of  Gamma  Interferon  on  Cell  Surface  Expression 
of  IL-2  Receptors. 

T  cell  clones  (lxlO5  cells/ml)  were  cultured  with  irradiated 
autologous  feeders  (2 . 5x10  vml)  ,  a  suboptimal  concentration  of 
influenza  virus  (1:8000),  and  1  ug/ml  gamma  interferon.  After  48 
hours,  cells  were  analyzed  for  expression  of  surface  IL-2  receptors. 
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TFE  2  3 

TFE  79 

TFE  89 

0 

66.5 
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17.0 

10"3  U/ml 

59.9 

4.8 

17.1 

10-2 

54.2 

3.9 

13.5 

10-1 

59.2 

6.6 

17.3 
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69.5 

15.8 

30.1 

10 

66.2 

16.7 

25.4 

102 

67.6 

19.0 

25.4 

103 

69.6 

12.7 

22.7 

I-* 

o 

66.7 

16.4 

24.2 

Table  21. 

Effect  of  Leukocyte  A 
Specific  Cytotoxicity. 

Interferon  (AVS  4625) 

on  Virus- 

T  cell  clones  were  incubated  with  the  indicated  concentrations  of  AVS 
4625  for  1  hour  prior  to  the  addition  of  target  cells.  Results  are 
expressed  as  %  specific  lysis. 
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FAVS  53111 


%  Specific  Lvsis 


0  23.5 

1CT3  U/ml  22.3 

10~2  22.8 

10"1  24.7 

1  24.2 

10  31.2 

102  33.6 

103  37.2 

104  32.8 


Table  23.  Effect  of  Hybrid  Human  Interferon  Alpha  BD  (AVS  5311)  on 
Virus-Specific  Cytotoxicity. 


Clone  TFE  89  was  preincubated  with  the  indicated  concentrations  of 
AVS  5311  for  1  hour  prior  to  the  addition  of  Flu  A  coated  51Cr 
labelled  target  cells. 


fAVS  53111 

TFE  18 

TFE  2  3 

TFE  79 

TFE  89 

0 

26.1 

39.1 

17.9 

34.6 

10~6  u/ml 

34.5 

34.6 

22.7 

41.7 

10-5 

32.0 

36.8 

24.9 

40.6 

10~4 

33.9 

40.3 

25.9 

43.0 

10“3 

30.7 

36.4 

23.0 

45.2 

10“2 

25.6 

44.9 

19.9 

47.2 

10"1 

30.9 

41.3 

22.0 

43.3 

1 

26.6 

42.0 

25.0 

46.6 

10 

36.7 

47.2 

23.1 

42.6 

102 

37.8 

38.4 

27.6 

39.5 

103 

34.5 

43.8 

24.8 

39.3 

104 

35.4 

41.2 

26.1 

38.2 

105 

33 . 3 

44.7 

26.4 

40.7 

Table  24.  Effect  of  Hybrid  Human  Interferon  Alpha  BD  (AVS  5311)  on 
Virus-Specific  Cytotoxicity. 


The  indicated  concentrations  of  AVS  5311  were  added  to  cytotoxic 
effectors  at  the  time  of  target  cell  addition.  Results  are  expressed 
as  %  specific  lysis. 
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Table  26.  Effect  of  Poly  ICLC  (AVS  1761)  on  Virus-Specific  Cytotoxicity. 

Clone  TFE  89  was  preincubated  with  the  indicated  concentrations  of  Poly 
ICLC  (ug/ml)  for  2  hours  prior  to  the  addition  of  target  cells. 

Targets  were  incubated  with  Flu  A  (1:250)  for  24  hours  prior  to  assay. 
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Table  28.  Effect  of 

Poly  I. Poly  C  12U 

(AVS  2149) 

on  Virus-Specific 

Cytotoxicity. 

The  indicated  concentrations  of  A^'S  2149  were  added  to  cytotoxic  effector 
at  the  time  of  target  cell  addition.  Results  are  expressed 
as  %  specific  lysis. 
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Table  29.  Effect  of  Poly  I. Poly  C  12U  (AVS  2149)  on  Virus-Specific 
Cytotoxicity. 

Effector  cells  were  incubated  with  the  indicated  concentrations  of 
AVS  2149  for  1  hour  before  addition  of  target  cells.  Results  are 
expressed  as  %  specific  lysis. 
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%  Specific  Lvsis 


MTP  Placebo 


0 

23.5 

23.5 

10-7  ug/ml 

20.5 

18.8 

10"6 

22.8 

20.4 

10-5 

19.8 

19.3 

i 

o 

rH 

23.3 

20.5 

10"3 

21.3 

20.7 

10-2 

21.5 

20.4 

rH 

1 

O 

rH 

23.2 

21.0 

l 

21.1 

17.9 

Table  35.  Effect  of  MTP  on  Virus-Specific  Cytotoxicity. 

Clone  TFE  89  was  preincubated  with  the  indicated  concentrations  of  MTP 
(AVS  2933)  or  placebo  liposomes  (AVS  4726)  for  1  hour  prior  to  the 
addition  of  Flu  A  coated  51Cr  labelled  target  cells. 


Clone 


rAVS  10181 


Medium 


Flu  1:8000 


Flu  1:16.000 


TFE89 

0 

104 

2077 

10"5 

64 

2783 

TFE96 

0 

65 

531 

396 

10-5 

31 

1339 

622 

i-* 

o 

i 

36 

967 

720 

TFE97 

0 

69 

1852 

1256 

10-5 

72 

3112 

10“3 

122 

2583 

Table  36. 

Effect  of  AVS 

1018  on  T  Cell 

Clonal 

Proliferation. 

No  significant  effect  on  antigen-specific  proliferation  of  clones  TFE40 
or  TFE102  was  seen  at  any  concentration  of  AVS  1018. 


Clone 


AVS  1300 


Medium 


Flu  l;8000 


Flu  1:16.000 


TFE40 

0 

99 

5613 

10“3 

60 

10,793 

TFE89 

0 

88 

7883 

6685 

10“5 

65 

12,384 

8394 

10"4 

49 

9257 

8681 

10*"1 

117 

9644 

10,746 

TFE96 

0 

97 

5627 

3560 

10-3 

50 

7743 

6356 

TFE97 

0 

221 

5076 

3248 

10~5 

67 

8761 

5583 

10_1 

77 

9306 

4645 

TFE102 

0 

981 

10,083 

5901 

10~6 

263 

14,713 

9437 

10-2 

224 

12,617 

9899 

Table  37 


Effect  of  AVS  1300  on  T  Cell  Clonal  Proliferation 


TAVS  10181 

TFE  18 

TFE  2  3 

TFE  79 

TFE  89 

0 

63.8 

46.4 

3.6 

14.6 

10-7  ug/ml 

60.3 

33 . 0 

4.9 

10.3 

10-6 

59.0 

23.0 

2.3 

7.8 

10-5 

58.1 

27.4 

2.1 

10.8 

10-4 

51.8 

33.4 

1.2 

8.8 

10"3 

69.4 

34.3 

3.9 

10.6 

10-2 

57.3 

37.6 

3.5 

11.3 

O 

1 

61.3 

36.2 

1.2 

16.1 

i 

48.9 

33.4 

8.8 

11.1 

Table  38.  Effect  o'?  AVS  1018  on  Virus-Specific  Cytotoxicity. 

Effector  cells  were  incubated  with  the  indicated  concentrations  of 
AVS  1018  for  1  hour  before  addition  of  target  cells.  Results  are 
expressed  as  %  specific  lysis. 


rAVS  13001 

TFE  18 

TFE  2  3 

TFE  79 

TFE  89 

0 

63 . 8 

46.4 

3.6 

14.6 

10-7  ug/ml 

35.8 

30.8 

0.2 

8.1 

10-6 

47.6 

27 . 3 

-4.3 

9.0 

10-5 

41.2 

39.7 

0.8 

20.6 

10-4 

44.4 

41.0 

-4.9 

19.9 

10-3 

51.6 

52.5 

-1.0 

10.9 

10-2 

49.0 

52.7 

-1.2 

13.0 

10_1 

37.5 

51.8 

-1.4 

9.9 

1 

46.4 

45.1 

-0.8 

14 . 3 

Table  39.  Effect 

of  AVS  1300 

on  Virus-Specific 

Cytotoxicity. 

Effector  cells  were  incubated  with  the  indicated  concentrations  of 
AVS  1300  for  1  hour  before  addition  of  target  cells.  Results  are 
expressed  as  %  specific  lysis. 


Clone 


rAVS  28801 


Medium 


Flu  1:8000 


Flu  1:16.000 


TFE96 

0 

40 

3209 

1687 

10-4 

85 

4387 

2300 

10"3 

18 

4352 

2017 

TFE97 

0 

240 

3213 

1153 

10-5 

167 

4747 

2118 

10-4 

151 

3504 

2611 

TFE102 

0 

518 

3447 

1817 

10~6 

156 

6341 

2434 

10-5 

74 

4288 

3119 

Table  40. 

Effect  of  AVS 

2880  on  T  Cell 

Clonal 

Proliferation 

No  significant  effect  was  seen  on  proliferation  of  TFE40  or  TFE89. 


Clone 

TAVS  27761 

Medium 

Flu  1:8000 

Flu  1:16 

TFE89 

0 

56 

811 

i— * 

o 

i 

31 

2,435 

10"3 

18 

1,589 

TFE96 

0 

27 

1,149 

10~2 

29 

1,961 

TFE97 

0 

15 

378 

h-* 

o 

1 

CTi 

34 

792 

10-4 

18 

639 

TFE102 

0 

36 

606 

67 

10-6 

59 

1,759 

277 

10-5 

90 

1,272 

581 

10_1 

30 

993 

Table  41.  Effect  of  AVS  2776  on  T  Cell  Clonal  Proliferation. 


Clone 


fAVS  27771 


Medium 


Flu  1:2000 


Flu  1:4000  Flu  1:16000 


TFE40 

0 

37 

2,743 

10-3 

33 

4,065 

TFE89 

0 

23 

3,281 

2,096 

H 

O 

1 

w 

23 

3,168 

1 

41 

5,266 

TFE96 

0 

35 

831 

155 

10-6 

33 

599 

H 

O 

t 

Ol 

19 

1,583 

411 

TFE97 

0 

23 

1,167 

157 

10-6 

25 

636 

10“3 

17 

1,703 

TFE102 

0 

19 

381 

10-5 

19 

1,165 

Table  42. 

Effect  of  AVS 

2777 

on  T  Cell  Clonal 

Proliferation. 

Clone 

TFE96 

TFE97 

TFE102 


r  AVS  27781 

Medium 

Flu  1:1000 

Flu  1:2000  Flu  1:16000 

0 

38 

2,679 

10~6 

216 

4,157 

0 

383 

8,580 

io-4 

269 

11,490 

0 

483 

11,875 

567 

10“3 

159 

15,602 

1,893 

Effect  of  AVS  2778  on  T  Cell  Clonal  Proliferation. 


Table  43 


Clone 

TAVS  35871 

Medium 

Flu  1:4000 

Flu  1:8000 

Flu  1:16000 

TFE40 

0 

131 

1,861 

563 

10-4 

144 

1,145 

t-* 

o 

i 

k* 

39 

2,943 

TFE89 

0 

64 

779 

10-4 

21 

1,491 

TFE96 

0 

53 

259 

H 

O 

1 

u> 

131 

593 

TFE102 

0 

73 

1,922 

487 

10-3 

151 

3,523 

10-2 

312 

1,084 

Effect  of  AVS  3587  on  T  Cell  Clonal  Proliferation. 


Table  44 


APPENDIX  II 


Scientific  Reviewer* 


Comments 


SCIENTIFIC  REVIEWER'S  COMMENTS 
FINAL  REPORT,  JULY  1,  1991 
CONTRACT  NO.  DAMD1 7-8 6-C-6 1 5 4 
P.I.  -  MAJORIE  L.  COHN,  Ph.D. 

Subject:  Review  of  Final  Report  Contract  DAMD17-86-C-6154 . 

1.  Interesting  data  was  generated  on  the  in  vitro  biological 
activity  of  immunomodulators,  most  of  them  have  marked  antiviral 
efficacy.  In  this  study,  influenza  virus  specific  human  T  cell 
clones  were  used  to  assess  some  of  the  biological  activity  of  the 
compounds.  The  lymphoproliferative  response  of  T  cell  clones  to 
various  influenza  virus  strains  was  not  uniform,  which  indicated, 
that  these  clones  recognized  determinants  on  either  the 
hemagglutinin  or  neuraminidase  components  of  the  virus.  Likewise, 
the  response  of  the  clones  to  the  same  immunomodulator  was  not 
uniform,  which  could  mean,  that  different  signals  are  required  by 
various  determinant-expressing  T  cells.  Although,  the  P.I. 
documented  the  lymphoproliferative  response  evoked  by  the 
immunomodulators  with  each  of  the  various  clones,  it  is  very 
difficult  to  draw  conclusion  from  more  than  40  tables.  A  summary 
chart  would  help  to  sort  out  if  indeed  various  signals  are  required 
by  the  clones  expressing  different  antigenic  determinants  of  the 
influenza  virus. 

2.  The  P.I.'s  claim,  that  certain  immunomodulators  inhibit  the 
cytolysis  of  EB  virus-shedding  T  cell  clone,  requires  a  set  of 
controls  which,  has  not  been  done  according  to  the  methodology 
provided  in  the  report.  Incubation  of  the  target  cells  with  test 
concentrations  of  the  substances  in  the  absence  of  the  attacker 
cells  would  show,  if  the  decrease  in  cytotoxicity  is  due  to 
inhibition,  or,  to  toxicity.  The  fact,  that  the  decrease  in 
cytotoxicity  was  always  obtained  only  by  high  dose(s),  makes  the 
toxicity  the  most  likely  reason.  The  P.I.  should  provide  the  data, 
if  she  has  them,  to  exclude  toxicity. 

3.  A  summary  chart  for  the  stimulation  or  depression  of  T  cell- 
mediated  cytotoxicity  by  the  immunomodulators,  would  help  to  find 
the  kind  of  signaling  required  for  evoking  the  effector  mechanism. 
Cytokines  stimulated  by  most  of  the  tested  substances  are  known, 
and  documented  in  the  literature,  or  I  can  provide  most  of  them. 

4.  The  contract  generated  useful  information  regarding  the 
biological  responses  stimulated  by  selected  immunomodulators,  but 
more  can  be  learn  with  a  little  more  input.  The  final  draft  should 
contain  the  requested  revisions. 

A - V 

*  L  i 

Meir  Kende  Ph.D.  ^ 

COR. 

Virology  Division. 

Note:  These  changes/suggestions  were  not 

made  by  the  Principal  Investigator. 


